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(54) Solid state color display system and light emitting diode pixels therefor 

(57) A solid state color display system comprises a display matrix (154) consisting of sets of light emitting diodes. 
Each set comprises groups of red, green and blue light emitting diodes which groups can be variably illuminated by 
means of driver circuits (173,174,175) using pulse width modulation of an electrical source (176) to display an overall 
composite color. The pulse width modulation is conducted in response to signals received from picture processing 
means, such as a video camera (162), off-air receiver (168) or video digitizer (158). The outputs of the driver circuits 
(173,174,1 75) are fed to each of a series of eight-row panels (1 56) of diode sets in the matrix display (1 54) for 
illumination thereof. The invention is utilised in a large scale colour display system. 
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SPECIFICATION 

Solid state color display system and light emitting 
diode pixels therefor 

5 

This invention relates generally to display equip- 
ment and more particularly to a solid state color 
display system suitable for a color display and dis- 
crete elements therefor each comprising a compact 

10 array of light emitting diodes. 

In the conventional construction of a large color 
display system (for example apparatus for display- 
ing advertising, pictures, or the like at stadia, etc.), 
the words or pictures are formed by selectively 

15 turning on or off colored electrical lamps in prede- 
termined patterns (this will produce what is known 
as cartoon color), or CRT types which are miniture 
TV screens which then provide the capability to 
produce true color (any color in the spectrum). 

20 Both systems present difficult problems. 

The electric tamps have poor color rendition, 
which results from the fact that the electric lamps 
emit colors by having their filaments heated to red 
heat or a white orange color. Therefore, in order to 

25 produce colors, colored glass filters are used to se- 
lectively filter to the color desired. Since electric 
lamps on the order of 7 watts or more have been 
generally used, a large display (using thousands of 
lamps) consumes a large amount of electrical 

30 power and generates a large amount of heat 

A display using CRTs requires a large amount of 
power also and, although not much electrical 
power or heat is generated by the CRT, the circui- 
try required to drive and control the intensity is ex- 

35 tensive and is very costly to manufacture and 
operate. 

Both types of displays are subject to short lamp 
life, on the order of 8000-10,000 hours, which re- 
quires costly maintenance to replace them. 

40 While light emitting diodes (LEDs) have been 
used in displays, they have been used in small in- 
stallations or devices such as calculators and indi- 
cators. Their use in large displays has been 
rejected as impractical due to the small amount of 

45 luminance available for the standard LED. The lu- 
minance emitted by an LED chip over an area of 
approximately .014" by .014" (0.0O02 square inch 
area) is diffused over an erea of approximately 
0.0628 square inches. Therefore, the light is dif- 

50 fused over an area 300 times larger than the 
source chip and hence the light emitted is unac- 
ceptably low. 

In those situations, where a discrete LED is used 
in a matrix, (see Teshima, U.S. Patent No. 

55 4,271,408) the display would have to use large col- 
limating lenses that pick up the luminance from 
several discrete LEDs. 

In array uses of LEDs, such as mentioned by 
Ichikawa (U.S. Patent No. 4,445,132), a flat panel 

60 display results. The method described by Ichikawa 
would be useful in small flat panel displays, the 
density and amount of circuitry required to drive 
each module would be both costly and prohibitive 
in a large matrix display used to display alphanu- 

65 merles and animations. 



The present invention largely overcomes or alle- 
viates the aforementioned problems of the prior art 
and provides novel and unobvious solid state color 
display systems. Including the large scoreboard 

70 type, and light emitting diode pixels forming the 
discrete light source elements thereof. A large 
number of LED chips typically comprise each pixel 
and the pixels are placed in a matrix and selec- 
tively illuminated under the control of driving clr- 

75 cuitry. The light emitted is determined by the type 
of LEDs used in the array. Using three colors, blue, 
red, green that are controlled by separate driving 
circuitry, accommodates generation of any color in 
the spectrum. 

80 According to the present Invention there is pro- 
vided a matrix display apparatus comprising a plu- 
rality of separately iltuminable light emitting 
elements, each element comprising differently col- 
ored sets of tight emitting diodes and each set 

85 containing light emitting diodes of a common 
color, and control means, including a pulse width 
modulator, for controlling the intensity of illumina- 
tion of each set of diodes by means of pulse width 
modulation of an electrical source which, in use, is 

90 selectively connectable with the diodes, the modu- 
lation being related to signals received by the con- 
trol means representative of the color to be 
displayed by each element at a given time. 
With the array containing many LEDs spaced at 

95 close intervals, the whole array becomes a point 
source for the light; hence the effective light out- 
put is increased to the point that it becomes possi- 
ble to have satisfactory contrast. The size of the 
array is determined by the number of LED chips in- 
100 eluded to achieve the size of pixel desired. 

By using red, blue, green chip combinations on 
the same array with separate connecting leads, a 
true color system is created which will reproduce 
any color. 

105 With the foregoing in mind, it is a primary object 
of the present invention to provide e novel solid 
state color display system and related method. 

Another paramount object of this invention is the 
provision of a novel solid state discrete pixel, for a 
110 color display system, comprising an array of light 
emitting diodes (LEDs). 

Specific embodiments of the present invention 
will now be described by way of example with ref- 
erence to the accompanying drawings in which: 
115 Figure 1 is a cross section of an LED of an array, 
or pixel in accordance with the present invention 
mounting to substrate; 

Figure 2 is an enlarged front view of a tri-color 
[red, green, blue (RGB)] LED array or pixel in ac- 
120 cordance with the present invention; 

Figure 3 is a reduced scale cross section of the 
LED array or pixel taken along lines 3-3 of Figure 
2; 

Figure 4 is a front view of a typical series-parallel 
125 cathode/anode printed circuit board forming a part 
of the illustrated LED pixel; 

Figure 5 is a series-parallel anode/cathode circuit 
diagram for LED pixels according to the present in- 
vention; 

130 Figure 6 is an exploded cross section of a typical 



electricalconnection arrangement for an LED pixel 
in accordance with the present invention; 

Figure 7 is a fragmentary front view of a matrix 
display using LED pixels according to the present 
5 invention; ■ 

figure s is a schematic block diagram of an eight 
" color RGB digital display system driven by a com- 
puter controlled message center; 
Figure 9 is a schematicof a typical RGB driver 
10 circuit forming part of the system of Figure 8; 
Figure TO is a schematic block diagram of an- 
other RGB 4096 color digital display system op- 
tionally driven by either a computer controlled 
message center or a video digitizer; 
15 Figure 11 is a schematic of a driver circuit form- 
ing a part of the display system of Figure 10; 

Figure 12 is a schematic block diagram of a RGB 
analog display system which processes composite 
video to the LED pixel display of the present inven- 

20 tion; _ " . 

Figure 13 is a schematic of analog RGB driver 
circuitry used in conjunction with the display sys- 
tem of Figure 12; and 
Figure 14 is an enlarged fragmentary circuit dia- 
25 gram of part of the circuit of Figure 13 by which 
selected LEDs of any pixel are turned on and off 
and the brightness thereof controlled. 

In general, the Rgures illustrate presently pre- 
ferred color embodiments of solid state: display 
30 systems and light emitting diode pixels- therefor. 
Each pixel light source comprises a large number 
of LED chips arranged compactly to provide a dis- 
crete element light source of sufficient output to be 
Viewed clearly from a substantial distance (on the 
35 order of 300-600 feet or greater). The arrays or pix- 
els of LEDs are placed in a matrix suitable for use 
in large scoreboard displays, message centers and 
other large, intermediate and small display sys- 
tems. Each pixel comprises a sufficient number of 
40 connecting leads to provide for each color of LEDs 
contained in the specific pixel array. Each pixel 
also accommodates the necessary electric connec- 
tions to multiplex driving circuitry. The light emit- 
ted by each pixel is determined by the type or 
45 types of LEDs used in the array. Use of LEDs which 
' produce the three primary colors, red, green and 
blue, controlled by drive circuitry, provides the ca- 
pacity to create any one of a plurality of colors. 
Discrete elements or pixels in accordance with 
50 the present invention provide a light source having 
satisfactory contrast. The size of each pixel is a 
function of the number of LED chips Included for 
the type of display needed. 
As mentioned heretofore, the actual dimensions 
55 of each discrete LED pixel or light source, generally 
designated IS in Figure 1, may vary. Once the di- 
mensions have been selected for a given display, 
an appropriately dimensioned substrate layer.20 is 
provided. In the Illustrated embodiments, the sub- 
60 strate layer 20 can becbmprised of glass epoxy 
printed circuit (PC) board or dielectric ceramic 
upon which conductive areas are created using 
thin or thick film technology currently available. 
The utilization of such technology produces al- 
65 ternate cathode and anode conductive strips or fin- 



gers 22 and 24, respectively. See Figures ! and 4. 
The manner in which the conductive layers or , : 
strips 22 and 24 are produced creates an integral 
bond at the two interfaces 26 (Figure 1) between 
70 the substrate 20 and each conductive strip 22 and 
24. The cathode conductive layers 22 may be 
joined electrically and an exposed conductive cath- 
ode connection terminal provided, Likewise, the 
anode conductive layers 24 may be electrically 
75 joined and an exposed conductive anode connec- 
tion terminal provided. . - 

LED chips 40 are superimposed upon a layer of 
commercially available conductive epoxy 42 at pre- 
determined spaced intervals along each cathode 
80 conductive layer 22. It is presently preferred that 
the LEDs be spaced at approximate horizontal and 
vertical intervals of about 0.050 to 0.10 of one inch 
to insure that the entire array appears to the eye of 
the viewer as a point source of light. After all LEDs 
85 are in place, the substrate is heated sufficient to 
melt the conductive epoxy under each led chip. 
After the conductive epoxy has cured, the chip is 
thereby bonded in place. A conductive wire 46 is 
connected from the anode of each LED chip 40 to 
90 the adjacent common anode conductor or strip 24. 
The process vf bonding each connecting wire or 
conductor 46 to the anode of each LED chip 40 and 
to the adjacent anode conductor 24 is well known 
and need not be described in this specification. 
95 It is presently preferred, as illustrated in Figure 2, 
that each discrete LED pixel or light source 18 
comprise red, green and blue LEDs arranged In a 
pattern, such as alternative rows and driven so that 
the intensity or brightness of each color may be 
TOO selectively varied between zero and maximum in- 
tensity whereby, when the three primary cojors are 
integrated, any desired color may be displayed by 
the pixel 18. ' . _ 

It is also presently preferred, as illustrated in Fig- 
105 ure 3, that provision be made at each pixel for 
avoiding loss of. light intensity. More specifically, a 
reflector plate 48 may be contiguously superim- 
posed, at the back surface 49 thereof, upon the. 
front surface of the layer 22 comprising the ; cathr 
110 ode and anode conductors. Reflector plate 48 com- 
prises a plurality of tapered apertures 50 arranged 
for each to receive, at the base thereof, one of the. 
pixels in visually exposed relation. The apertures 
50 are illustrated as being circular and as providing 
115 an outwardly divergent tapered reflective surface. 
52. A transparent lens 56 is continuously superim- 
posed, at the flat back surface 54 thereof, upon the 
flat forward surface 53 of the reflector 48. The for- 
ward surface 58 of the lens 56 has a curved shape 
120 or is crowned. Individual collimating lenses may 
also be molded over individual LEDs. 

Each pixel 18 comprises an anode pin 60 for 
each color and a cathode pin 62 for each color. See 
Figure 3. Each RGB pixel 18 thus has separate red, 
125 green and blue cathode pins 62R; 62G and 62B, 
and separate red, green and blue anode pins 60R, 
60G and 60B. The red, green and blue cathode 
conductors 22 are respectively connected to the 
red, green and blue cathode pins 62. All red, green 
130 and blue anode conductors 24 are respectively 
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connected to the red, green and blue anode pins 
60. A presently preferred arrangement of red, 
green and blue cathode and anode conductors 
22R, 22G and 22B and 248, 24G and 24B is illus- 
5 t rated in Figure 4. Red, green and blue LEDs are 
respectively designated 40R, 40G and 40 B r in Fig- 
ure 4. 

The series-parallel printed circuit of Figure 4 is 
shown schematically in Figure 5. Application of a 

10 separate voltage pulse having a predetermined 
voltage to each of the respective groups of red, 
green and blue anode connectors of a pixel pro- 
vides the capacity to produce any one of a plurality 
of colors ranging across the entire spectrum. Re- 

15 sistors RR, RG and RB are respectively used in se- 
ries with the RGB anode terminals, respectively to 
cause all LEDs forming any one of the three RBG 
circuits to have a selected uniform brightness. The 
collective red, green and blue LED circuits of each 

20 pixel are designated 25R, 25G and 25B, respec- 
tively in Figure 5. 

Reference is now made to Figure 6 which shows 
the preferred structure for connecting each discrete 
LED light source arrays 18 to driving circuitry. Spe- 

25 cificalty, each anode conductive pin 60 (one each 
for red, green and blue), mounted to substrate 
backing 20, is inserted into a matching conductive 
female receptacle 72 of a driving circuitry anode 
conductor 70. One such anode conductor 70 is pro- 

30 vided for each of the three RGB pins 60. 

The three anode pins 60 are respectively aligned 
with and are releasably press fit into female electri- 
cal receptacles 72 of the driving circuitry. The three 
female receptacles 72 for each pixel are firmly car- 

35 ried by a mounting display printed circuit board 74. 
Similarly, the three cathode pins 62 of each pixel 
18 are respectively aligned with and are releasibly 
press fit into conductive electrical receptacles 76 of 
the driving circuitry. Each of the three receptacles 

40 76 is electrically connected to its own separate 
cathode conductor 78. 

When all of the pixels 18 of a given display sys- 
tem have been mounted to the board 74, as de- 
scribed, the display configuration of Figure 7 is 

45 created. 

One typical multi-color matrix driving circuit 100 
is shown in Figure 8. Circuitry 100 uses an avail- 
able computer controlled message controller 102. 
The message controller 102 is conventionally pro- 

50 gramed to produce a series of red, green and blue 
digital signals so that a corresponding visual im- 
age is presented on the face of a scoreboard or like 
display 104. Display 104 is illustrated as compris- 
ing one hundred twenty eight (128) columns and 

55 forty (40) rows of pixels 18, subdivided into five (5) 
panels 106 each comprising one hundred twenty 
eight (128) columns and eight (rows) of pixels 18. 
Displays of other sizes can be used as desired. 
The computer generated RGB digital data (in ras- 

60 ter scan format), describing the "on", "off' and in- 
. tensity of each LED of each tri-color pixel and 
representative of the image to be displayed, is 
transmitted in a known and suitably modulated se- 
rial data format from the computer controlled mes- 

65 sage controller 102 along RGB conductors 108, 110 



and 112, respectively, to a seriaj receiver apparatus 
114. Controller 102 can be any suitable commer- 
cially available computer controlled message con- 
troller. For example, a model 1000 EC controller 

70 with three display interfaces [part no. 11231 avail- 
able from Integrated Systems Engineering, Inc. of 
Logan, Utah]. Three data bits are required to define 
the desired state of each pixel 18. One bit Is, there- 
fore, assigned to control each of the three colors of 

75 the pixel 18. In this manner, each pixel 18 can be 
directed to emit any one of eight colors. This type 
of color rendering is known as cartoon color. 

The receiver 114 may be a single Integrated de- 
vice for the signals for all three colors or separate 

80 receivers, one for the signals for each of the three 
colors. Suitable serial receivers are also available 
from Integrated Systems Engineering, Inc. For ex- 
emple, part no. 10003 may be used for each of the 
three receivers. The receivers 114 de-mufti pi exes, 

85 respectively distributes or switches the RGB data 
and routes 8 rows of said data via three RGB inde- 
pendent cable conductors to an 8 row driver 116R, 
116G, 116B. Five drivers of each type, i.e. five 
116R, five 116G and five 116B are required, one of 

90 each for each 8 row display panel 106. Each driver 
116R, 116G, 116B may comprise part no. 10000 
available from Integrated Systems Engineering, 
Inc. 

A power source 122 supplies electrical energy to 

95 the drivers 1 16R, 116G and 116B and to the pixels 
18 of the display 104. If desired, more than one 
power source may be substituted for source 122. 
One suitable power source is part no. 10025 avail- 
able from the Integrated Systems Engineering, Inc. 

100 The details of one of the RGB driver circuits 

11 6R, 116G, 116B for an 8 color digital LED display 
Is Illustrated in Figure 9. Specifically, the red driver 
circuit 116R is illustrated and described, rt being 
understood that the 116G and 116B are structurally 

105 and functionally the same. 

In the driver circuit 116R, red rows of digital 
data, issued from the receiver 114, are communi- 
cated serially to a conventional shift register 126, 
where the 8 serial bits of input data are converted 

110 to a parallel word, and from thence the parallel 
data are addressed and written to a RAM memory 
128 using the eight input conductors, preferably 
during a frame update. 
An output control logic signal, issued by the 

115 logic 132, is communicated to input control logic 
130 which enables a write cycle to occur in a con- 
ventional fashion, with switch 131 connecting logic 
130 and memory 128 for correct addressing of 
data. 

120 The RAM memory 128 uses a time shared proc- 
ess for outputtlng the data to the multiplexed dis- 
play in such a fashion that each discrete element 
image and the color thereof, are periodically re- 
freshed. 

125 With the address switch 131, positioned as 
shown in Figure 9, and with output control logic 
132 disabling input control logic 130 end shift reg- 
ister 126 so that temporarily no further red data 
are written into RAM memory 128. Red data are 

130 property addressed and caused to be output using 



the eight output conductors 134, from RAM mem- 
ory 128 to a 1 of 8 selector of demultiplexer 135, 
which selects one of eight rows of data and com- 
municates the same along conductor 137 to red 
5 shift. register 1 36 and from thence across latch cir- 
- curt 138 afong anode conductors 70R td the col- 
umns of red LED circuits 25R of the display. 
Buffers 140 supply current across cathode conduc- 
tors 78R to the red LEDs on a row by row sequen- 
10 tiai basis. Selector 135 may be demultiplexer part 
no. HC151 and decoder part no. HC237, available 
from Motorola, Texas Instruments, among others. 

VVhile only red pixel diodes are illustrated in Fig- 
. ure 9 and while only the operation thereof has 
15 been described for one 8 row display panel, it is to 
be appreciated that the remainder of the red and 
all of the green and blue pixel diodes are fdenti T 
caily connected and utilized. 
Thus, the driver circuits 1 16R, 116G, t16B buffer 
20 the data and, using conventional LED multiplexing 
techniques, drives rows and columns of LED pix- 
els. In this way, three independent sets of outputs 
are utilized to drive the rows and columns. 
Another typical multi-color matrix driving circuit 
25 150 is shown in Figure TO. Circuitry 150 comprises 
an available computer controlled message control- 
ler 152, which Is comparable to controller 102, but 
conventionally programmed to produce four digi- 
tized bits of red, green and blue data, respectively 
30 (12 bits/pixel). In this way, any one of 4096 colors 
may be selected and displayed at any pixel Ifr of 
an LED pixel display 154. Display 154 is illustrated 
as comprising sixty-four (64) columns and forty 
(40) rows of pixels 18, made up of five (5) panels 
35 156 each comprising sixty-four (64) columns and 
eight (8) rows of pixels 18. Displays of other sizes 
may be used. 

Circuitry 150 comprises an additional or alterna- 
tive source of data, i.e. e video digitizer 158, which 
. 40 receives video signals across switch 160 from any 
suitable source of video signals such as a video 
camera 162, a VCR 164 or broadcasted video (tv) 
signals via. antenna 166 and tuner 168. 
A switch 170 allows the user to select between 
45 controller 152 and digitizer 158 as a source of 
video input, tn either case, data digitized into 12 
bits/pixel are transmitted, across twelve (12) con- 
ductors (4 each for RGB data, respectively), io a se- 
rial receiver 172, This data is in row-by-row raster 
50 scan format, and describes the on, off and intensity 
level for each color of each LED of each tri-coior 
pixel. The data, collectively represents the image to 
be illuminated at the display 154. 
The receiver 172 de-multiplexes and distributes 
55 or switches the 12 bits of RGB data and routes 8 
rows of data via independent conductors to the 
drive electronics of RGB drivers 173, 174 and 175. 
. Each driver 173, 174 and 175 contains red, green 
and blue electronics, respectively. 
60 A power source 176 supplies electrical energy to 
the drivers 173, 174 and 175 and to the pixels 18 of 
the display 15J>. 

In each RGB driver circuit 173, 174 and 175, RGB 
rows of digital data (four bits/color), issued from 
65 the receiver 172, are respectively- communicated to 



red, green and blue latch circuit. One such latch 
circuit 180 for red driver 173 Is shown In Figure IT. 
The latch 180 captures and retains data until the . 
input logic is allowed to. process it into the mem- 
70 ory,i.e. the latch 180 is a temporary buffer. - 
Apart from the control logic 1 82 of Figure 1 1 , 
which is common to the driver circuits 173,174 
and 175 for each 8 row panel 1 56 of the display 
154, each color has its separate, although identical 
75 8 rwo driver electronics. Accordingly, only one. 
driver circuit needs to be described, i.e. circuit 173, 
Illustrated in Figure 11. 

An input clock pulse, issued by the receiver 172, 
is communicated to Input control logic 184 to cori- 
80 troi or enable the transfer of data into the red RAM 
memory.186 in a conventional fashion, with Switch 
188 connecting logic 184 and red memory 186 for 
correct addressing of data under the timing control 
of master clock 190. Input control logic 184 causes 
85 newly received data to be written into RAM mem- 
ory. RAM memory 186 holds the digital image of 
the current display. Master clock 190 establishes 
system timing requirements. 
The RAM memory 186 uses a time shared proc- 
90 ess for outputting the data, under the timing con- 
trol of master clock 190 and output control logic 
192, to the red pixel LED multiplexed display In 
such a fashion that each image and the color 
thereof are periodically refreshed. Output control 
95 logic causes the current contents of the RAM to be 
read out for display processing. 

With the switch positioned as shown In Figure 11 
and with output control logic 192 disabling input 
control logic 184 so that temporarily no further 
100 data is written into RAM memory 186, red data, for 
example, are caused to be output from RAM mem : 
ory 186 along four conductors to one side of a 
comparator 194. Four conductors also- connect the 
other side of comparator 194 to a PWM Prom 196. 
1 05 Comparator 1 94 compares the output of the RAM 
to the output of the PWM Prom looking for condi- 
tions when data in the RAM should cause the as- 
sociated LEDs to be turned on. PWM 196 is a 
programmable Read Only Memory, which contains 
110 the look-up table which causes the RAM data to 
conform to a pulse width modulated brightness 
scheme containing 16 different intensities. 

The PWM Prom 196 is a decoding pulse width 
modulation permanently programmed Read Only 
1 1 5 Memory which uses a window technique to cohtrol 
when and for how long pixel color data is output 
from RAM 186 through comparator 194 to shift 
register 198, i.e. so long A Input is greater than B 
input. The Prom look-up table is customized to 
1 20 match the lig ht output characteristics of the th ree 
different color LED dice. 

As an example, a single row of data may be 
processed from RAM 186 to column drive shift reg- 
ister 198 sixty four (64) times in 1,0 millisecond. 
125 Thus, all 8 rows are processed in 8 milliseconds. 
Continuous scanning of all 8 rows every 8 millise- 
conds yields a refresh rate of 125 frames per sec- 
ond (fps). This is sufficient to reduce flicker and 
make the image appear solid to an observer. 
130 . Under control of logic 192, column data stored in 
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register 198 is communicated across latch driver 
200 along anode terminals 70 to the columns of 
red LED circuits 25R of one panel of the display. 
Buffers 140 supply current to the cathode terminals 

5 78 of the red LEDS of one panel, on row-by-row 
sequential basis, under control of logic 192 and 
row counter and decode logic 202. 

While only red pixel diodes for 8 rows of the dis- 
play are illustrated in Figure 11 and while only the 

10 operationthereof has been described, it is to be 
appreciated that the remainder of the red as well 
as all of the green and blue pixel diodes are identi- 
cally connected and utilized. 
Restated, the system of Figures 10 and 11 utilizes 

15 the digital approach of the light color method, and 
a digital form of pulse width modulation to drive 
each color within a pixel at any desired one of six- 
teen different intensities. Thus, 4 bits are used to 
define each LED's brightness level, and 12 bits de- 

20 fine the entire pixel. This yields 4096 different color 
combinations. This large number of color combina- 
tions is sufficient to reproduce a video image so 
that an observer will experience realistic color re- 
production. 

25 The system of Figures 10 and 11 Is operated in a 
manner similar to the eight color of Figures 8 and 
9. in addition to the computer, a video source is 
added as an input alternative. 
The receiver functions essentially the same as in 

30 the eight color system of Figures 8 and 9. 

The driver also functions similar to the eight 
color system; however, the separation of the color 
signals into independent buffers produces the de- 
sired brightness based of 4 bit data analysis. 

35 To keep flicker to a minimum and accomplish 
pulse width modulation within the time periods of 
the normal refresh cycle, the data rates from the 
buffer to the output shift registers must be greatly 
increased over the eigtht color method. The en- 

40 coded data from the Ram 186 is compared to the 
output of a PWM Prom. The ouptut of this Prom 
determines the length of 15 "on" states or condi- 
tions for each of the 16 possible brightness levels. 
{State zero, the 16th state, is an "off" state). Com- 

45 paring the pixel color data to the PWM prom out- 
put wilt let either a 1 or 0 shift out to turn "on" or 
"off' a color within a pixel. The longer the value of 
the pixel data exceeds the value produced by the 
PWM Prom, the higher will be the apparent brlght- 

50 ness of the LED. 

Another multi-color matrix driving circuit 220, 
suitable for converting an NTSC, PAL or SECAM 
composite video into a continuously variable RGB 
display using analog data and tri-color LED pixels, 

55 is shown in Figure 12-14. Circuitry 220 comprises a 
source of NTSC, PAL or SECAM composite video 
222. See Figure 12. 

Using known techniques, a synchronized separa- 
tor 224 and a color demodulator 226, with output 

60 amplifiers 228, are used whereby the NTSC signal 
is broken into its five primary components, I.e. hor- 
izontal synch (H), vertical sync (V), a continuously 
varying signal proportional to the amount of red in 
the picture (R), a continuously varying signal pro- 

65 portional to the amount of green in the picture (G), 



and a continuously varying signal proportional to 
the amount of blue in the picture (B). 

The H signal is applied to a PLL (phase lock loop) 
230 which produces a high frequency clock pulse. 
70 This clock pulse determines, in conjunction with 
horizontal timing circuit 232, the start of each video 
line, and establishes how often the video is sam- 
pled. 

The V signal is used, in conjunction with the ver- 

75 tlcal timing circuit 234, to determine the start of 
frame timing. V and H, in conjunction with data 
stobe timing circuit 236, select which rows of video 
will go to the LED pixel display. 
The final outputs, as a result of the described 

80 processing of the H and V signals will: (1) set a 
start bit sequentially into each row of column sam- 
ple shift register 238 (Figure 13); (2) shift the bit 
from left to right within shift register 236 as each 
successive pixel is sampled; (3) output a strobe 

85 pulse to each row of pixels as such is updated; 
and (4) produce a reference waveform of suffi- 
ciently high frequency to reduce the flicker that 
would otherwise result if the LEDs were pulsed at 
normal video rates. 

90 Each pixel color requires a separate pulse width 
modulation decoder to establish the desired ele- 
ments brightness. This is accomplished with a 
sample and hold circuit voltage comparator circuit, 
shown in Figures 13 and 14 and hereinafter de- 

95 scribed. 

With reference to Figure 13, the set, shift clock 
and row strobe signals, eminating as described 
above, are delivered to a column sample shift reg- 
ister 238, while the RGB sequential pixel signals 
100 are respectively communicated to the positive ter- 
minal of separate RGB comparators 240, 242 and 
244. The reference waveform, amplified at 246, is 
communicated to the negative terminal of each 
comparator 240, 242 and 244. 
105 The video is sampled in succession by the action 
of the shift register 238 and the row strobe pulse. 
The value of the video is stored in the sample and 
hold comparator circuit 239. Using. one field of a 
video frame, this value is updated 30 times per 

110 second. 

With specific reference to Figure 14, which is an 
enlargement of one comparator circuit 239, the 
video signal is sampled when transistor Q Is. 
strobed "on", and stored in capacitor C. A refer- 

115 ence waveform voltage is compared to the voltage 
stored in capacitor C. So long as the voltage in ca- 
pacitor C is greater than the value of the reference, 
the output, across driver 248, wilt turn the associ- 
ated LED's on. When the reference is greater than 

120 the voltage stored in capacitor C, the LEDs are 
"off". Thus, the longer any LED is "on" within the 
period, the greater the' brightness and vice versa. 

An update rate of 30 Hz is too slow to prevent 
flicker, so the reference waveform with a repetition 

125 rate in excess of 120 Hz is compared to the stored 
video. This comparison will yield a pulse, the width 
of which will be in proportion to the stored analog 
voltage. Thus each LED is pulse width modulated 
to yield the desired brightness. 
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CLAIMS 



1. A matrix display comprising: 
a plurality of multi-color solid state LED pixels 
5 arranged in a pattern; 

each multi-color pixel comprising a plurality of 
differently colored sets of LEDs; . 

each set of differently colored LEDs of each pixel 
being electrically interconnected by separate con- 
10 ductor means; / 
a source of separate but coordinated series of 
-signals representative of the desired color intensity 
to be obtained at each point in time from each set 
of differently colored LEDs of each pixel of the dis- 
15 play, said source comprising pulse width signal 
modulating means which control the color inten- 
sity; . . -j 

means simultaneously communicating said se- 
ries of signals separately to each set of differently . 
20 colored LEDs of each pixel whereby (a) the color Of 
each pixei displayed to an observer at each point 
in time is a composite integration of the separate 
intensity level signals simultaneously delivered to 
the different colored sets of LEDs of the pixel, (b) 
25 the composite color displayed to an observer of all 
pixels of the display will at each point in time com- 
prise an integrated image comprising many colors 
across the spectrum; and (c) the image and many 
colors thereof will change from time to time as the 
30 Intensity level signals of the series change. 

2. The display according . to Claim 1 wherein the 
simultaneously communicating means comprise 
driver circuit means which systematically and se- 
quentially drive the differently colored LEDs of 
35 each pixel of the display via the series of signals. 
3 ; The display according to Claim 2 wherein the 
driver circuit means comprise memory means for 
temporarily storing said signals and means selec- 
tively oiitputting the stored signals to the LEDs In a 
40 scan format . „ 

4. The display according to Claim 2 wherein the 
driver circuit means comprise means for refreshing 
the color of the LEDs of each pixel during the time 
interval of each image by recommunicating the 

45 current series of data from storage to the LEDs. 

5. The display according to Claim 2 wherein the 

drive circuit means comprise control logic means 
which cause the demultiplexed signals to be out- 
put to scan means from which each series of sig- 
50 nals is repeatedly communicated on a sequential 
basis to the LED pixels. . . . 

6. The display according to Claim 1 wherein 
* said source comprises video digitizer means. 
: 7. The display according to Claim 1 wherein 
55 said source comprises computer means. 

8. The display according to Claim 1 wherein 
said source comprises means issuing NTSC, PAL, 
or SECAM television signals. 

9. The display according to Claim. 1 wherein 

60 sample and hold means are interposed between 
standardized value means and each output signal 
to retain the intensity of each color of each LED for 
each pixel for extended periods of time. 

10. The display according to Claim 1 wherein 
65 the pulse width, signal modulating means comprise 



means by which image flicker is minimized. 
11. A matrix display comprising: 
a plurality of tri-color solid state LED pixels ar- 
ranged in a pattern; 
70 each tri-color pixel comprising three differently 
colored sets of LEDs; 

each set of tri-cblored LEDs of each pixel being 
electrically interconnected by separate conductor 
means; 

75 a source of three separate but coordinated series 
of signals representative of the desired color inten- 
sity to be obtained at each point in time from, each 
set of differently colored LEDs of each pixel of the 
display, said source comprising a data source and . 
80 further comprising means by which the data are 
delivered to the sets of differently colored LEDs in 
a refreshing modulated scan data format the rate 
of which substantially exceeds the rate at which 
data is issued for the data source; 
85 means simultaneously communicating said three 
separate series of signals independently to each 
set of differently colored LEDs of each pixel 
whereby fa) the color of each pixel displayed to an 
observer at each point in time is a blended integra- 
90 tion of the intensity level signals simultaneously 
but independently delivered to each of the three 
sets of LEDs of the pixel, (b) the composite color 
displayed to an observer of all pixels of the display 
collectively will at each point in time comprise one 
95 of a range of colors from across the color spec- * 
trum, and (c) the Image and colors thereof of the 
display will change from time to time as the sig- 
nals representing the intensity level of each set of 
LEDs of each pixel changes. 
100 12. A method of displaying images of varying 
colors within the spectrum of a matrix display 
comprising; 

providing an array of a large number of juxta- 
posed multi-color solid state integrated pixels ar- : 
105 ranged in a close matrix pattern, each pixel 

comprising sets of differently colored compactly 
* arranged LEDs so that each pixel is an apparent 
composite point color light source to an observer. 
■ of the array; 

1 1 0 separately controlling and selectively electrical, 
communicating from a source of video signals or 
computer signals several separate coordinated se- 
ries of signals respectively to the sets of LEDs of 
each color; 

115 in such a manner that each pixel will, at any ■ 
point in time, display only one composite color 
comprising a visual integration of the plurality of 
: coordinated signals delivered to the differently col- 
ored LEDs of each pixel, and said one composite 
120 color each pixel will change from time to time as 
said plurality of coordinated signals changes 
whereby successive images each comprising vary- 
ing array of composite colors across the spectrum, 
are sequentially visually illuminated on the matrix 

125 display. . . . ■ 

- 13. Matrix display apparatus compnsing a plu- 
rality of separately illuminable light emitting ele- 
ments, each element comprising differently 
coloured sets of light emitting diodes and each set 
130 containing light emitting diodes of a common 



color, and control means, including a pulse width 
modulator, for controlling the intensity of illumina- 
tion of each set of diodes by means of pulse width 
modulation of an electrical source which, in use, is 
5 selectively connectable with the diodes, the modu- 
lation being related to signals received by the con- 
trol means representative of the color to be 
displayed by each element at a given time. 
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